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Introduction {#onco13384-sec-0006}
============

Cabozantinib (Cabometyx, XL184; Exelixis, Alameda, CA) inhibits multiple receptor tyrosine kinases, including MET, RET, vascular endothelial growth factor receptor 2 (VEGFR2), and AXL \[[1](#onco13384-bib-0001){ref-type="ref"}, [2](#onco13384-bib-0002){ref-type="ref"}, [3](#onco13384-bib-0003){ref-type="ref"}\]. These kinases play an important role in tumor angiogenesis, invasion, and metastasis \[[1](#onco13384-bib-0001){ref-type="ref"}, [2](#onco13384-bib-0002){ref-type="ref"}, [3](#onco13384-bib-0003){ref-type="ref"}\]. Cabozantinib is approved for the treatment of metastatic medullary thyroid cancer, advanced renal cell carcinoma, and hepatocellular carcinoma \[[4](#onco13384-bib-0004){ref-type="ref"}, [5](#onco13384-bib-0005){ref-type="ref"}, [6](#onco13384-bib-0006){ref-type="ref"}\].

Overexpression of MET has been observed in all pathological subtypes of breast cancers \[[1](#onco13384-bib-0001){ref-type="ref"}\]. Both MET and its ligand hepatocyte growth factor promote tumor proliferation, angiogenesis, progression, and survival \[[7](#onco13384-bib-0007){ref-type="ref"}, [8](#onco13384-bib-0008){ref-type="ref"}\]. RET overexpression in hormone receptor‐positive (HR+) breast cancer is also associated with endocrine resistance to tamoxifen and aromatase inhibitors \[[9](#onco13384-bib-0009){ref-type="ref"}, [10](#onco13384-bib-0010){ref-type="ref"}, [11](#onco13384-bib-0011){ref-type="ref"}\]. A recent study of metastatic breast cancer discovered RET alterations, including amplification, missense mutations, and fusions, which activate RET kinase and downstream signaling pathways through MAPK and PI3K \[[2](#onco13384-bib-0002){ref-type="ref"}\]. Furthermore, cabozantinib showed antitumor activity in a patient with RET fusion--positive tumor in the same study. High expression of VEGFR2 in breast cancer may promote tumor progression and metastasis \[[3](#onco13384-bib-0003){ref-type="ref"}, [12](#onco13384-bib-0012){ref-type="ref"}\]. Based on these considerations, cabozantinib offers a promising therapeutic strategy for breast cancer.

Currently, clinical experience with cabozantinib in breast cancer is limited. in vitro and in vivo studies have shown that cabozantinib inhibits MET, VEGFR2, and RET, resulting in antitumor activity in many tumor models, including breast cancer \[[13](#onco13384-bib-0013){ref-type="ref"}, [14](#onco13384-bib-0014){ref-type="ref"}, [15](#onco13384-bib-0015){ref-type="ref"}, [16](#onco13384-bib-0016){ref-type="ref"}, [17](#onco13384-bib-0017){ref-type="ref"}\]. In a phase II clinical study, 45 patients with metastatic estrogen receptor‐positive (ER+) or triple‐negative breast cancer (TNBC) received cabozantinib, and 21 (47%) achieved partial response or stable disease \[[18](#onco13384-bib-0018){ref-type="ref"}\]. Overexpression of MET is associated with poor clinical outcomes in TNBC, and cabozantinib showed a clinical benefit rate of 34% in this subset of patients after 15 weeks of treatment \[[19](#onco13384-bib-0019){ref-type="ref"}\]. Further investigations are required to establish the activity of cabozantinib in breast cancer subgroups and identify biomarkers of response.

Up to 75% of patients with metastatic breast cancer develop bone metastases during the course of their disease with even higher rates in hormone receptor‐positive disease \[[20](#onco13384-bib-0020){ref-type="ref"}, [21](#onco13384-bib-0021){ref-type="ref"}, [22](#onco13384-bib-0022){ref-type="ref"}\]. For many patients with ER+ metastatic breast cancer, bone may be their only metastatic site \[[23](#onco13384-bib-0023){ref-type="ref"}\]. Metastatic bone lesions from cancer as imaged on a bone scan, fluorodeoxyglucose (FDG)--positron emission tomography (PET) scan, or plain films are not considered "measurable" by the widely accepted RECIST version 1.1 \[[24](#onco13384-bib-0024){ref-type="ref"}\]. This excludes many patients with bone‐only disease from the many clinical trials that require response measurements as a primary endpoint. Therefore, there remains a need to optimize a clinical trial endpoint in this subpopulation and to evaluate novel agents that may effectively treat their metastatic disease burden in bone as well as soft tissue sites.

In a previous phase III trial of cabozantinib in metastatic prostate cancer, bone scan response (BSR) at week 12 was used as a key secondary end point \[[25](#onco13384-bib-0025){ref-type="ref"}\]. Interestingly, in this study cabozantinib produced a 42% BSR at week 12. However, the benefit in bone scan response did not translate to a significant improvement in overall survival (OS) \[[25](#onco13384-bib-0025){ref-type="ref"}\]. The lack of correlation of bone scan improvement with improved overall survival led to speculation that the drug, perhaps through its antiangiogenic activity, is limiting bone scan nuclide uptake.

This trial sought to evaluate the BSR to cabozantinib in patients with metastatic breast cancer and whether BSR may be a reliable surrogate primary endpoint for determining clinical benefit. We report an open‐label, single‐arm, multisite phase II trial of cabozantinib in women with metastatic HR+ breast cancer with bone metastases. The primary endpoint of this study was bone scan response rate, and we also evaluated whether bone scan response correlated with improved survival.

Materials and Methods {#onco13384-sec-0007}
=====================

Patients {#onco13384-sec-0008}
--------

Eligible patients were ≥ 18 years of age and had histologically confirmed ER+ and/or progesterone receptor‐positive (PgR+), HER2‐negative metastatic breast cancer with clear evidence of metastases to bone on isotope bone scan at screening, with or without extraosseous metastases. At baseline, subjects with bone‐only disease were required to have at least two bone lesions that were not within a previously irradiated field. Patients had an Eastern Cooperative Oncology Group performance status of \<2, an estimated life expectancy of \>3 months, at least one prior line of hormonal or chemotherapy for treatment of their metastatic disease, and adequate liver, kidney, and marrow function. Patients were excluded if they had received chemotherapy, bone modulating agents, small‐molecular kinase inhibitors or any investigational agent within 4 weeks, or hormonal anticancer therapy, immunotherapy, or radiotherapy to bone and brain metastasis within 2 weeks, or biological agents within 6 weeks before the first dose of cabozantinib.

The study protocol and informed consent documents were reviewed and approved by the institutional review boards at Dana Farber Cancer Institute (DFCI) and Memorial Sloan‐Kettering Cancer Center (MSKCC), and all patients provided written informed consent. This study was performed according to the Declaration of Helsinki and International Conference on Harmonization Good Clinical Practice guidelines.

Study Design and Treatment {#onco13384-sec-0009}
--------------------------

This open‐label, multicenter, single‐arm study was conducted at Massachusetts General Hospital, DFCI, Beth Israel Deaconess Medical Center, and MSKCC. The primary endpoint was bone scan response rate. Secondary endpoints included objective response rate of extraosseous sites by RECIST and overall and progression‐free survival.

Patients received cabozantinib orally at 100 or 60 mg (freebase weight) once per day. The initial dose was reduced from 100 to 60 mg after enrollment of the first seven patients because of excessive toxicity at the higher dose. All patients were instructed to take cabozantinib each morning in a fasting state either 2 hours after or 1 hour before a meal and continued to take cabozantinib until disease progression or unacceptable adverse events.

Dose reductions or interruptions were allowed for unacceptable adverse events (AEs). Cabozantinib dose was sequentially reduced from 100 to 60 mg, and in the presence of grade 3 or 4 toxicity, further reductions to 40 mg and 20 mg were allowed. Patients recovering from AEs within 6 weeks after dose interruptions or reductions were allowed to continue the study treatment.

Study Outcomes and Assessment {#onco13384-sec-0010}
-----------------------------

Tumor response was assessed by isotope bone scan and whole body FDG‐PET/computed tomography (CT). Patients had screening bone scan and PET/CT scan within 28 days prior to the initial dose of cabozantinib and every 12 weeks thereafter until discontinuation of treatment or death. All bone and PET/CT images collected at the above prespecified times underwent independent radiologic assessment (MedQIA, Los Angeles, CA). Only patients who had at least 6 weeks of treatment and had follow‐up bone scans or PET/CT scans were evaluable for response. BSR was determined by the percentage change of bone scan area from baseline. Responses were categorized as complete (complete resolution), partial (≥30% reduction), stable disease (between \<30% reduction and \< 20% increase), or progressive disease (≥20% increase). Bone scan response rate was defined as the percentage of patients experiencing a complete or partial response in bone scan lesions. Overall response rate (ORR) was defined as the proportion of treated patients experiencing a complete response (CR) or a partial response (PR) as defined by RECIST version 1.1. Those who had less than 6 weeks of treatment, or had developed progressive disease or died before the reevaluation date, or had not undergone reevaluation were considered nonresponders. The best overall response was defined as the best response from the time of enrollment until termination of study treatment.

AEs were assessed from the start of treatment according to the National Cancer Institute Common Terminology Criteria for Adverse Events version 4.0.

Statistical Analysis {#onco13384-sec-0011}
--------------------

The primary endpoint was bone scan response rate. A total sample size of 50 was estimated using Simon\'s two‐stage design with 92% power to detect a bone response rate of 30%, compared with a null response rate of 10%, at a significance level of .05 (one‐sided). In the first stage, 17 patients were recruited, and if two or fewer bone responses were observed the study would be stopped. Otherwise, 33 additional patients would be accrued for a total of 50. If eight or more responses were observed in 50 patients, the null hypothesis would be rejected, and cabozantinib was considered promising for further investigation.

Descriptive statistics were used to summarize baseline characteristics. Bone scan response rate and ORR were reported as point estimates with 90% confidence intervals (CIs). Median OS and progression‐free survival (PFS) were estimated for the overall study population, along with 90% confidence intervals, using the Kaplan‐Meier approach. Stratified OS and PFS analyses were performed to compare subjects with bone lesions only with those with bone plus other site lesions to provide point estimates with 90% confidence intervals. The log‐rank test was used to compare these two subgroups. Exploratory landmark analysis of OS or PFS was performed based on the 12‐week bone scan responses \[[26](#onco13384-bib-0026){ref-type="ref"}\]. Patients who achieved PR or stable disease (SD) on bone scans at 12 weeks were classified as the disease control (DC) group. Those who had progressive disease (PD) on bone scans or were nonevaluable at 12 weeks (because of treatment discontinuation or early disease progression) were classified as the non‐DC group. In this analysis, only patients alive or progression free at the landmark time (12 weeks from baseline) were included in the analysis of overall survival or progression‐free survival. Kaplan‐Meier estimates of survival probability were conditional on the status of bone scan response at the landmark time of 12 weeks for patients who survived up to this time. Treatment‐related grade 3 or 4 were summarized by descriptive statistics.

Results {#onco13384-sec-0012}
=======

Patients and Treatment {#onco13384-sec-0013}
----------------------

From November 2011 through January 2013, a total of 55 patients were enrolled at four study centers. Three patients withdrew from this study before receiving any treatment. In total, 52 patients received cabozantinib treatment and were evaluable for data analysis. The flowchart (Fig. [1](#onco13384-fig-0001){ref-type="fig"}) shows the status of patient enrollment, treatment, and follow‐up for the primary endpoint. In the first stage, 4 of 17 patients showed significant improvement (PR) after the 12‐week bone scan, and the study continued to stage 2.

![Flowchart of patient enrollment, treatment, and follow‐up for bone scan response.](ONCO-25-652-g001){#onco13384-fig-0001}

Baseline demographics and clinical characteristics of the 52 treated patients are listed in Table [1](#onco13384-tbl-0001){ref-type="table"} (and supplemental online [Tables 1](#onco13384-supitem-0001){ref-type="supplementary-material"} and [2](#onco13384-supitem-0001){ref-type="supplementary-material"}). All patients were ER+, as assessed in either metastatic lesions (45 patients) or primary tissues (7 patients), and 40 patients (77%) were PgR+. All patients had evidence of bone metastases on bone scan at baseline and 18 (35%) had bone‐only disease. The majority of patients were heavily pretreated for metastatic disease, with 45 (87%) and 37 patients (71%) having previously received endocrine therapy or chemotherapy, respectively. Twenty‐eight (54%) and 22 patients (42%) had at least two lines of endocrine therapy or chemotherapy, respectively, for metastatic disease, and 35 patients (67%) had received bisphosphonate bone modifying agents.

###### 

Baseline characteristics of patients

  Characteristics                                                             Summary statistics (*n* = 52), *n* (%)
  --------------------------------------------------------------------------- ----------------------------------------
  Female sex                                                                  52 (100)
  Median age (range), years                                                   55 (33--79)
  White race                                                                  42 (81)
  ECOG performance status                                                     
  0                                                                           37 (71)
  1                                                                           15 (29)
  Estrogen[^a^](#onco13384-note-0004){ref-type="fn"}/progesterone receptors   
  ER+/PgR+                                                                    40 (77)
  ER+/PgR−                                                                    12 (23)
  Sites of disease                                                            
  Bone only                                                                   18 (35)
  Bone + others                                                               34 (65)
  Liver                                                                       5 (10)
  Lung/pleura                                                                 7 (13)
  Brain                                                                       0
  One other site                                                              8 (15)
  ≥2 other sites                                                              14 (27)
  Prior lines of endocrine therapy for metastatic disease                     
  0                                                                           7 (13)
  1                                                                           17 (33)
  2--4                                                                        28 (54)
  Prior lines of chemotherapy for metastatic disease                          
  0                                                                           15 (29)
  1                                                                           15 (29)
  2--9                                                                        22 (42)
  Prior therapy of bone modifying agents                                      35 (67)
  Bisphosphonates                                                             34 (65)
  Denosumab                                                                   5 (10)

ER+ in either metastatic lesions (45 patients) or primary tissues (7 patients).

Abbreviations: ECOG, Eastern Cooperative Oncology Group; ER+, estrogen receptor positive; PgR, progesterone receptor.

The first seven patients (13%) had an initial cabozantinib daily dose of 100 mg (freebase weight), but because of toxicity the remaining patients started at a daily dose of 60 mg. Treatment durations of patients ranged from 1 to 204 weeks; 30 patients were treated for at least 12 weeks, and 22 were treated for less than 12 weeks, of whom 9 had less than 6 weeks of treatment.

Bone Scan Response {#onco13384-sec-0014}
------------------

All 52 patients who received cabozantinib treatment were included in the data analysis for bone scan responses. According to the prespecified criteria, 19 patients (36.5%) were considered nonevaluable for bone scan response because either they had no follow‐up images (*n* = 16, early treatment discontinuation before reevaluation date) or follow‐up images were not available for central review (*n* = 3). The remaining 33 patients (63.5%) who received at least 6 weeks of cabozantinib and had at least one follow‐up bone scan at week 12 or at the last study point were considered evaluable for bone scan responses.

Table [2](#onco13384-tbl-0002){ref-type="table"} shows the bone scan responses to cabozantinib treatment. The bone scan response rate was 38.5% (20/52; 90% CI, 27.1%--51.0%), including 20 patients who achieved a PR and none with a CR of bone lesions. The disease control rate (DCR) was 50% (26/52), defined as the percentage of patients with PR or SD (six patients), based on the best overall response by bone scan. Progressive disease was the best response in seven patients (13.5%). Among 18 patients with bone‐only disease, the bone scan response rate was 61%, and in 34 patents with extraosseous disease, the bone scan response rate was 26.5% (Table [2B](#onco13384-tbl-0002){ref-type="table"}).

###### 

Response to treatment

  (A): Bone scan response and RECIST response^a^                       
  ------------------------------------------------ ------------------- -----------
  CR                                               0                   0
  PR                                               20 (38.5)           0
  SD                                               6 (11.5)            26 (50.0)
  PD                                               7 (13.5)            7 (13.5)
  Nonevaluable^c^                                  19 (36.5)           19 (36.5)
  Bone scan response rate (90% CI), %              38.5 (27.1--51.0)   
  Overall response rate                                                0

  (B): Subgroup analysis of bone scan response by disease site               
  -------------------------------------------------------------- ----------- -----------
  CR                                                             0 (0)       0 (0)
  PR                                                             11 (61.1)   9 (26.5)
  SD                                                             0 (0)       6 (17.6)
  PD                                                             2 (11.1)    5 (14.7)
  Nonevaluable[^c^](#onco13384-note-0008){ref-type="fn"}         5 (27.8)    14 (41.2)

All responses are based on best overall response during the study period. The percentage calculations are based on intention‐to‐treat analysis using a denominator of 52 patients who received cabozantinib treatment in this trial.

Patients evaluable for bone scan response are defined as patients who received ≥6 weeks of cabozantinib and had at least one follow‐up bone scan evaluable for central review. Patients evaluable for RECIST response are defined as patients who received ≥6 weeks of cabozantinib and had at least one follow‐up computed tomography scan evaluable for central review.

The 19 patients nonevaluable for bone scan response include 16 patients who discontinued treatment prior to reevaluation date because of toxicity (4), disease progression (9), or patient withdrawal from trial including too ill to continue (1), difficulty traveling (1), and unrelated illness (1). An additional three patients did not have their bone scans sent for central review. All protocol‐defined nonevaluable patients are included in the intention‐to‐treat analysis.

Abbreviations: CI, confidence interval; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.

Figure [2A](#onco13384-fig-0002){ref-type="fig"} shows the waterfall plot of best overall bone scan response for the patients having a 12‐week follow‐up bone scan (*n* = 33). Of these patients, 60.6% (20/33) demonstrated at least 30% reduction in bone scan lesion area, and 78.8% (26/33) achieved disease control (PR + SD); 30.3% (10/33) had treatment duration for over 6 months, and their bone scans demonstrated either PR or SD. Two patients received treatment for over 12 months and achieved significant improvement (PR) in bone lesions. Figure [2B](#onco13384-fig-0002){ref-type="fig"} shows the treatment duration with bone scan response for the 33 protocol‐defined evaluable patients who had baseline and repeated bone scans. Among the 24 patients who had cabozantinib treatment of 12 weeks duration or longer, 96% achieved disease control (PR or SD) as assessed by bone lesions, and one patient received cabozantinib treatment for 46 months. Patients discontinued treatment because of progression (*n* = 28), unacceptable toxicity (*n* = 3), and other reasons including impending pathological fracture (*n* = 1) and physician discretion (*n* = 1).

![Best overall bone scan response among 33 patients with follow‐up bone scan. **(A):** Waterfall plot of best overall bone scan response. \*, treatment duration over 6 months; \*\*, treatment duration over 12 months. **(B):** Swimmer plot of treatment duration with best overall bone scan response. Patients 16 and 22 discontinued treatment because of physician discretion and impending pathological fracture, respectively.](ONCO-25-652-g002){#onco13384-fig-0002}

ORR by RECIST {#onco13384-sec-0015}
-------------

The ORR was evaluated based on the results of CT scans by conventional RECIST criteria. As shown in Table [2](#onco13384-tbl-0002){ref-type="table"}, 33 of 52 patients had at least one follow‐up evaluation for ORR per RECIST. Those without subsequent evaluation were treated as nonresponders (*n* = 19). No patients achieved a CR or PR per RECIST, 26 (50%) achieved SD, and 7 (13.5%) had PD at extraosseous sites.

The correlation between bone scan response and RECIST response at 12 weeks was further explored (Table [3](#onco13384-tbl-0003){ref-type="table"} and supplemental online Fig. [1](#onco13384-supitem-0001){ref-type="supplementary-material"}). Thirty‐one of 33 patients who were evaluable for bone scan response at 12 weeks also had their RECIST response evaluated by central review at the same time. Among 25 patients who had disease control (PR + SD) on bone scan at 12 weeks, none achieved a RECIST partial response, 20 patients (80%) had stable disease, 3 patients (12%) had progressive disease, and the other 2 patients (8%) were unevaluable for RECIST. Of eight patients who had PD on bone scan at 12 weeks, three patients (37.5%) had RECIST PD, and five patients (62.5%) had SD in extraosseous lesions.

###### 

Correlation of bone scan and RECIST response at 12 weeks (*n* = 33)[^a^](#onco13384-note-0010){ref-type="fn"}

       By RECIST                                                                   
  ---- ----------- ----------- --------------------------------------------------- ---------------------------------------------------
       PR          12 (85.7)   1 (7.1)                                             1 (7.1)[^b^](#onco13384-note-0011){ref-type="fn"}
  SD   8 (72.7)    2 (18.2)    1 (9.1)[^b^](#onco13384-note-0011){ref-type="fn"}   
  PD   5 (62.5)    3 (37.5)    0 (0)                                               

Thirty‐three patients were evaluable for bone scan response by central review at 12 weeks. Thirty‐one of them had their RECIST response evaluated by central review at 12 weeks.

Two patients had their RECIST response unevaluable by central review at 12 weeks, but institutional computed tomography scans showed stable disease at extraosseous sites for these two patients at 12 and 18 weeks, respectively.

Abbreviations: PR, partial response; SD, stable disease; PD, progressive disease; UE, unable to evaluate.

Overall Survival/Progression‐Free Survival {#onco13384-sec-0016}
------------------------------------------

Fifty‐two patients were followed for over 5 years (Fig. [3A and B](#onco13384-fig-0003){ref-type="fig"}). The median follow‐up time was 28.5 months (1.5--86.3 months). The median OS was 19.6 months (90% CI, 18.0--26.8 months), and median PFS was 4.3 months (90% CI, 2.8--5.5 months).

![Kaplan‐Meier estimates of overall survival, progression‐free survival, and overall survival according to subgroups. Kaplan‐Meier estimates of overall survival **(A)**, progression‐free survival **(B)**, overall survival by different disease site at baseline **(C)**, and landmark analysis of overall survival by disease control status based on bone scan response at 12 weeks **(D)**; in panel D, time zero started after 12 weeks of treatment, and three patients died and one was censored before 12 weeks; thus 48 patients were included in landmark overall survival analysis.\
Abbreviations: CI, confidence interval; PD, progressive disease; PR, partial response; SD, stable disease.](ONCO-25-652-g003){#onco13384-fig-0003}

Both OS and PFS analyses were stratified based on metastatic sites (bone only vs. bone plus other sites) at baseline. The stratified median OS was 26.8 months (90% CI, 21.1--33.0 months) for patients with bone only lesions and 18.7 months (90% CI, 14.3--20.0 months) for those with bone and other lesions (hazard ratio, 0.64; 90% CI, 0.37--1.1; *p* = .17; Fig. [3C](#onco13384-fig-0003){ref-type="fig"}). The median PFS was 4.9 months (90% CI, 2.8--7.8 months) for patients with bone‐only lesions and 3.4 months (90% CI, 2.7--5.8 months) for those with bone plus other lesions (hazard radio, 0.91; 90% CI, 0.56--1.5; *p* = .77; supplemental online Fig. [2](#onco13384-supitem-0001){ref-type="supplementary-material"}). No significant difference in OS and PFS was observed among patients with bone only versus bone plus other sites.

In a post hoc analysis, the landmark method was used to determine whether the bone scan responses correlated with improved survival. The landmark estimates were based on the bone scan status at 12 weeks. The 48 patients known to be alive at 12 weeks were included for OS analysis (Fig. [3D](#onco13384-fig-0003){ref-type="fig"}), and the 31 patients alive without death or progression at 12 weeks were included in the PFS analysis (supplemental online Fig. [3](#onco13384-supitem-0001){ref-type="supplementary-material"}). A significant difference was observed between patients with and without disease control by bone scan response (Fig. [3D](#onco13384-fig-0003){ref-type="fig"}). The group with disease control at 12 weeks had significantly longer survival (median OS, 24.2 months; 90% CI, 16.4--31.7 months) compared with that without disease control (median OS, 13.3 months; 90% CI, 9.5--18.2 months) with a hazard ratio of 0.37 (90% CI, 0.21--0.65). No PFS benefit was observed for the disease control group (supplemental online Fig. [3](#onco13384-supitem-0001){ref-type="supplementary-material"}), but the number of patients at risk in each subset was small (9 in non--disease control group vs. 22 in disease control group).

Adverse Events {#onco13384-sec-0017}
--------------

All 52 patients who received cabozantinib treatment are included in the safety analysis. The median treatment duration was 12 weeks (range, 1--204 weeks). Patients received a median average daily dose of 51.5 mg (range, 21.4--100 mg). Forty‐two patients (80.8%) had dose modifications (dose reduction or dose held), and seven patients (13.5%), who all started at the 60 mg dose, discontinued their treatments because of unacceptable toxicity.

Of the 52 patients, three had received treatments for less than 3 weeks (one cycle), and no related adverse events were reported for these patients. In total, 123 types of related AEs were reported for 49 patients (94.2%). The most common all‐grade AEs were fatigue (63%), elevation in either alanine aminotransferase (52%) or aspartate aminotransferase (48%), diarrhea (48%), nausea (46%), palmar‐plantar erythrodysesthesia syndrome (44%), oral mucositis (37%), and anorexia (35%). A total of 19 grade 3 AEs was observed in 26 patients. The most frequent grade 3 AEs were hypertension (10%), anorexia (6%), diarrhea (6%), fatigue (4%), hypophosphatemia (4%), lymphocyte count decrease (4%), febrile neutropenia (4%), and hyponatremia (4%; Table [4](#onco13384-tbl-0004){ref-type="table"}). Three grade 4 AEs were seen in three patients, including dehydration, hypercalcemia, and neutropenia. No deaths occurred during the treatment period of this study. The common AEs leading to treatment discontinuation included fatigue, dyspnea, anorexia, diarrhea, hypertension, and musculoskeletal and connective tissue disorder.

###### 

Treatment‐related grade 3 or 4 adverse events

  Adverse event                                Grade 3, *n* (%)   Grade 4, *n* (%)
  -------------------------------------------- ------------------ ------------------
  Hypertension                                 5 (10)             0
  Anorexia                                     3 (6)              0
  Diarrhea                                     3 (6)              0
  Fatigue                                      2 (4)              0
  Febrile neutropenia                          2 (4)              0
  Hyponatremia                                 2 (4)              0
  Hypophosphatemia                             2 (4)              0
  Lymphocyte count decreased                   2 (4)              0
  Alanine aminotransferase increased           1 (2)              0
  Alkaline phosphatase increased               1 (2)              0
  Cardiac disorders                            1 (2)              0
  Erythema multiforme                          1 (2)              0
  Fracture                                     1 (2)              0
  Hypokalemia                                  1 (2)              0
  Neutropenia                                  1 (2)              1 (2)
  Lung infection                               1 (2)              0
  Mucositis oral                               1 (2)              0
  Palmar‐plantar erythrodysesthesia syndrome   1 (2)              0
  Pulmonary embolus                            1 (2)              0
  Dehydration                                  0                  1 (2)
  Hypercalcemia                                0                  1 (2)

Discussion {#onco13384-sec-0018}
==========

In this single‐arm phase II study in patients with hormone receptor‐positive breast cancer with bone metastases, cabozantinib treatment resulted in a high rate of bone scan response and disease control rate. Patients who achieved disease control on bone scan to cabozantinib had improved overall survival compared with patients without disease control. Responses assessed by traditional RECIST were not observed, but prolonged disease control using traditional response evaluation by CT imaging was observed in a significant percentage of patients. Together, our findings suggest that cabozantinib is active in advanced HR+ breast cancer with bone metastases.

To our knowledge, this is the first study to use prespecified bone scan response in breast cancer as the primary endpoint. In this study, bone scan response correlated with overall survival and disease control in extraosseous sites. Interestingly, 80% of patients who achieved disease control with bone scans at 12 weeks maintained the same status in extraosseous lesions. This suggests that the bone scan responses may reflect antitumor activity in HR+ metastatic breast cancer. Furthermore, in a landmark analysis, patients with disease control (PR + SD) based on the bone scan response at 12 weeks had a longer survival compared with those in the non--disease control group (PD + nonevaluable). These findings support the notion that disease control status based on 12‐week bone scans may predict patient survival and may guide continuation of cabozantinib treatment. Definitive proof of clinical benefit would require a randomized trial. Our primary finding is in agreement with a previous study in metastatic prostate cancer where cabozantinib improved bone scans with a BSR of 42% and a DCR of 62%. The lack of correlation of bone scan findings with survival improvement in prostate cancer patients treated with cabozantinib leaves unanswered whether the bone scan changes reflect true disease control, and potential clinical benefit, or simply interference with radionuclide uptake in bone lesions \[[25](#onco13384-bib-0025){ref-type="ref"}\]. However, that study was randomized and did not include a similar landmark analysis among the patients with cabozantinib‐treated prostate cancer, thereby limiting direct comparison of the different results.

A challenge with cabozantinib use has been intolerance to treatment. The most common toxicities leading to discontinuation are fatigue, abnormal liver function, diarrhea, and nausea, as well as hypertension and proteinuria, which are associated with its antiangiogenic action \[[4](#onco13384-bib-0004){ref-type="ref"}, [5](#onco13384-bib-0005){ref-type="ref"}, [6](#onco13384-bib-0006){ref-type="ref"}\]. In our study, cabozantinib was not tolerable at the 100 mg/day starting dose in all patients, but at the currently approved dose of 60 mg/day it was better tolerated through dose modification and other supportive care. The rate of treatment discontinuation (13.5%) because of unacceptable AEs was similar to the rate (16%) observed in phase III trials of hepatocellular carcinoma and thyroid cancer \[[4](#onco13384-bib-0004){ref-type="ref"}, [6](#onco13384-bib-0006){ref-type="ref"}\]. Our results are similar to the 88% rate of dose reduction reported in the phase III study of metastatic castration‐resistant prostate cancer in which the starting dose of 100 mg was used \[[25](#onco13384-bib-0025){ref-type="ref"}\].

The results of our study in hormone receptor‐positive breast cancer, together with prior results showing a clinical benefit rate of 34% in triple‐negative breast cancer, raise the possibility of testing cabozantinib in combination with other therapies. However, studies evaluating cabozantinib and nivolumab in TNBC and cabozantinib and trastuzumab in patients with breast cancer brain metastases showed insufficient activity to support further development of the combinations \[[27](#onco13384-bib-0027){ref-type="ref"}, [28](#onco13384-bib-0028){ref-type="ref"}\]. In our study, a separate cohort combining cabozantinib with fulvestrant was initiated but closed early for slow accrual. An ongoing trial is evaluating the efficacy of cabozantinib in combination with atezolizumab for metastatic breast cancer ([ClinicalTrials.gov](http://clinicaltrials.gov) NCT03170960).

A limitation of this study was the single‐arm study design, which did not permit comparison with a standard therapy. Therefore, it was not possible to assess the clinical benefit for cabozantinib as compared with other available therapies. The small sample size precluded more detailed subgroup analysis for clinical endpoints. Furthermore, our use of bone scan response as a novel primary endpoint in this proof of concept study would not be appropriate as a single measure of efficacy in a larger study because it neglects assessment of extraosseous lesions. In addition, the identification of biomarkers that may correlate with bone scan response or extraosseous response is needed.

Conclusion {#onco13384-sec-0019}
==========

In this phase II study we showed that cabozantinib monotherapy led to improvement in bone lesions in pretreated patients with HR+ breast cancer with bone metastases. Patients who achieved disease control by bone scan response at 12 weeks had improved overall survival. These results support further studies to evaluate the clinical activity of cabozantinib in HR+ metastatic breast cancer and to confirm the utility of bone scan response as a meaningful tool to assess responses to treatment with this drug.
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